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CHRONIC MODERATE DIETARY DEFICIENCY 


In the field of the application of our mod- 
ern knowledge of nutrition to public health 
there is presented the interesting problem of 
the role, if any, of chronic, moderate dietary 
deficiency in causing poor health. Some 
appreciation of this is seen in the use of such 
terms as subnutrition, undernutrition, sub- 
nutritive state, subacute disease of some 
kind, and the like. To clinical workers, 
most, if not all, of the conditions under dis- 
cussion to which these terms have been 
applied are not definite clinical entities, 
because they are not characterized by clearly 
distinguishable diagnostic signs of any kind. 
Of course such signs may in fact exist but 
have escaped detection up to the present 
time. The search for new signs of such 
deficiencies is one of the important lines of 
activity in this field at the present time. 
The idea that these conditions may be early 
but difficult-to-detect stages in the develop- 
ment of a deficiency disease is made evident 
when the author gives it such a name as 
“latent” scurvy, for example; from an 
etymologic standpoint this merely means 
“hidden” scurvy. Numerous studies con- 
ducted with animals subsisting for long 
periods on diets moderately deficient in one 
or more specific factors conclusively show 
that such moderate deficiencies can in time 
produce their adverse effect on growth of 
the young, and healthful maintenance and 
longevity of the adult. 

This situation with respect to growth is 
well illustrated in the classic paper published 
by Osborne and Mendel (J. Biol. Chem. 69, 
661, (1926)), in which were presented various 
“standard” growth curves for colonies of 
inbred rats over a period of years. These 
“standard”’ curves owed their changes and 
improvements—at any rate increases in 
growth rates, whether such are to be re- 


garded as improvements or not—to the ef- 
forts of research workers from time to time 
to apply the results of new discoveries to the 
standard diets being fed to their particular 
stock colony. In the early days of rat feed- 
ing experimentation stock animals were 
often fed the table refuse from hospitals in 
the belief that such a diet was undoubtedly 
a good one, a belief which, in the light of 
recent studies, was probably erroneous. In 
the face of all the evidence now available it 
appears evident that the relatively poor 
growth rates exhibited by rat colonies during 
the period of World War I merely repre- 
sented the best that the animals could do 
on the kind of diet fed. 

Students of nutrition are aware of the 
existence of a body of evidence showing that 
over the last three and more decades the 
growth rates of children have been increas- 
ing, and individuals larger than their parents 
have become more common. Some years 
ago babies were considered to be growing 
“normally” when they doubled their birth 
weight in about six months and trebled it 
in about a year. Such a standard has now 
become supplanted by something like the 
following: doubling of the birth weight in 
approximately three months and trebling in 
about six months. It is not unreasonable | 
to suppose that most of the babies of former 
years which grew according to the old stand- 
ard were merely doing the best that they 
could under the prevailing feeding condi- 
tions. 

What should we call the nutritive state 
illustrated by these former babies? Was it 
a “subnutritive state” with respect to 
growth? What is to be regarded as the 
dietary normal for an organism that has as 
one of its most important properties what 
may be called the “capacity to grow’’? 
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Should it be exhibition of that capacity in 
maximum degree in so far as it is affected by 
the supply of food, or a submaximal ex- 
hibition of that property due simply to 
limitation of that food in one or more re- 
spects? Obviously numerous factors may 
be cited as worthy of consideration in any 
philosophizing on this question. Some have 
to do with what might be called “biological 
ideals,’’ such as, for example, a possibly ad- 
verse effect of rapid growth rate on longevity, 
a view championed in many circles. Others 
are related, for example, to our ideas con- 
cerning the advantages or disadvantages of 
being a large individual in our modern com- 
plex society, and therefore involve consid- 
eration of many nonbiologic factors as well. 
If longevity is an ideal, then there may be an 
important point here. It is suggested how- 
ever, that mere longevity cannot be an ideal. 
Unless longevity can be characterized by 
reasonable vigor, retention of important 
faculties, and ability to contribute something 
worth while to the life of the group, it should 
not be treated as something valuable and to 
be striven for, a viewpoint that seems im- 
plicit in much of the current use of the term. 

The problem of assaying the value of diets 
is usually more readily solved by suitable 
growth experiments, probably because the 
need for most dietary factors is greater 
during the growth period, and therefore 
shortage of these factors is more readily 
detected. The fact that the effect of 
chronic moderate dietary deficiency in the 
adult is difficult to detect should not cause 
us to avoid studying the problem. Rather, 
it should sharpen our attack and cause us 
to search for new approaches to it; more 
categories of interest should be examined; in 
many situations more delicate methods will 
have to be employed. 

In the guinea pig a moderate deficiency of 
ascorbic acid can produce a derangement of 
the cells of the odontoblastic cell layers of 
the teeth, a condition readily demonstrated 
in a properly prepared section of the tooth. 
Here is an instance of a definite injury to 
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particular cells located in the body’s interior 
resulting from a moderate lack of a vitamin 
needed by this organism; if the shortage is 
much greater, the animal will also exhibit the 
easily recognized classic signs of scurvy, and 
the derangement of these cells in the roots 
of the teeth will be found to consist of com- 
plete disorganization. 

There has been much discussion of the 

appropriate standard of daily intake of 
ascorbic acid to apply to man. In view of 
the work done on animals showing that an 
internal tissue damage can result from a 
chronic moderate deficiency of ascorbic acid, 
it is reasonable to assume that this can occur 
in man. Many of those who argue for a 
relatively low standard of intake as appro- 
priate for man seem to ignore this, however. 
It is true that one must be properly circum- 
spect when attempting to translate findings 
from one species to another. Nevertheless, 
in these circumstances it seems advisable to 
err on the side of safety and favor a high 
rather than a low standard. 
_ It has proved possible to feed dogs on 
moderately deficient diets for long periods, 
and the observations made in such studies 
are very instructive. If the diet contains 
only about one half as much riboflavin as is 
satisfactory for control animals, none of the 
characteristic signs of a severe acute ribo- 
flavin deficiency such as a sudden collapse 
is seen. Instead, the deficiency state de- 
velops very slowly. Only after from seven 
months to a year and more do definite and 
unmistakable signs referable to the central 
nervous system appear. Control dogs re- 
stricted to the same amount of food as that 
eaten voluntarily by their riboflavin deficient 
companions fail to show these symptoms. 
It is probably safe to say that if a clinician 
has a patient who is the exact counterpart of 
these riboflavin deficient animals, it would 
be impossible to convincé him that his case 
represents fundamentally a chronic moderate 
riboflavin deficiency. 

In animal experiments efforts are usually 
made to make the experimental diet ade- 
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quate except with respect to the dietary 
variable of interest. This is in decided con- 
trast to the situation prevailing in human 
subjects who are more likely to be suffering 
from a lack of two or more instead of a single 
dietary factor. This means that the evi- 
dences of the moderate deficiency in the 
human patient may be even more subtle in 
character than those seen in our dog experi- 
ments. This subtlety of situation can also 
be illustrated by the recent study of Sullivan 
and Evans (J. Nutrition 26, 319 (1943)) of 
the signs of vitamin A deficiency, from which 
is drawn the conclusion that animals sub- 
sisting on the diet used in the present official 
United States Pharmacopeia method of 
assay for this vitamin do not present the 
picture of simple uncomplicated vitamin A 
deficiency; moderate shortages of certain 
members of the vitamin B-complex supplied 
by dried yeast are responsible for certain 
features of the syndrome. 
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In view of the foregoing it seems evident 
that the subject of chronic moderate dietary 
deficiency is worthy of its own special study. 
Investigations in this field would seem likely 
to have bearings on the problem of deficiency 
disease in man more important than other 
types of studies commonly carried out on 
animals. Present knowledge of this subject 
certainly emphasizes the need for considering 
the time factor along with the degree of 
shortage. This serves to cast doubt on the 
over-all validity for health of the results of 
short-term experiments seeming to show no 
“harm” to result from subsistence on diets 
that are relatively low in content of specific 
vitamins of interest. 


GEORGE R. CowaiLt, Px.D., 
Associate Professor of Physiological 
Chemistry, Yale University School of 
Medicine, New Haven. 


BONE OVERGROWTH AND NERVE DEGENERATION IN VITAMIN A DEFICIENCY 


In a series of publications beginning in 
1926 Mellanby has described the widespread 
degeneration of the central and peripheral 
nervous systems of young animals main- 
tained on diets deficient in vitamin A and 
carotene. At first, these degenerative 
changes were thought to be the direct result 
of the destructive effect of vitamin A defi- 
ciency but on more recent evidence he sug- 
gests that they are indirectly produced by 
bone overgrowth in the vicinity of the af- 
fected nerves and nerve cells. Wolbach and 
Bessey (Arch. Path. 32, 689 (1941)) have 
also presented evidence that the degenera- 
tive nerve changes are secondary and are the 
result of increased pressure on the brain and 
nerves. They believe, however, that instead 
of bone overgrowth, there is a prompt 
retardation of bone growth in vitamin A 
deficiency, while the nervous and perhaps 
other soft tissues continue to grow until re- 
tarded by inanition. This disproportionate 


growth results in pressure on those parts of 
the nervous system surrounded by bone, and 
leads to mechanical damage and irregular 
nerve degeneration. 

Mellanby (J. Physiol. 94, 380 (1938)) 
first suggested that vitamin A deficiency re- 
sults in bone overgrowth. Litters of pup- 
pies, 6 to 10 weeks of age, were fed diets con- 
sisting of separated milk powder 20 g., cereal 
(usually white bread) 100 to 300 g., lean 
meat 15 to 20 g., yeast 3 to 12 g., peanut or 
olive oil 10 ml., orange or lemon juice 6 ml., 
sodium chloride 1 to 2 g., and irradiated 
ergosterol 1000 to 2000 I1.U. There is very 
little vitamin A or carotene in this diet but 
otherwise it is believed to be complete. In 
each litter one or more animals were given 
supplementary vitamin A or carotene and 
in such cases the bones developed normally 
and no pathologic changes in the nerves re- 
sulted. Histologic examination of the laby- 
rinth capsules of young dogs fed for a few 
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months on such diets revealed ‘‘(a) degen- 
eration of different degrees up to complete 
disappearance of the cochlear nerve, the 
cells of the spinal ganglion and their central 
and peripheral branches; (b) degeneration, 
but to a lesser degree, of the vestibular divi- 
sion of the VIIIth nerve; (c) overgrowth of 
bone in the modielus and of the periosteal 
layer of the capsule near the brain.” He 
concluded that the overgrowth of bone was 
responsible for the degenerative changes in 
the nerves by reason of the pressing and 
stretching of these tissues. Many of the 
animals fed for fairly long periods of time on 
such diets were obviously deaf. Although 
studies of rabbits and rats on vitamin A 
deficient diets were not complete, abnor- 
malities developed, including nerve fiber and 
cell degeneration, bony overgrowth, and 
serous labyrinthitis. 

In later papers Mellanby (J. Physiol. 96, 
36P (1989); 99, 467 (1941)) presents evi- 
dence that the overgrowth of the cranial 
bones may produce deformities of parts of 
the brain and cranial nerves. The greatest 
change is found in the bones forming the 
posterior fossa of the skull, so that the 
medulla oblongata, pons, cerebellum, and 
nerves in close association with these parts 
of the brain are more particularly affected. 
Most of the cranial nerves of young dogs are 
liable to be compressed and to suffer destruc- 
tive changes if the vitamin A deficient diets 
are continued over long enough periods 
(four to eight months). Definite bone and 
other abnormalities were also found in the 
vertebral column and spinal cord. The 
spinal canal is smaller and the space sur- 
rounding the spinal cord is reduced. The 
posterior root ganglia and the anterior root 
nerves of the spinal cord may also be 
squeezed and the nerve fibers destroyed by 
overgrowth of the vertebral bones. The 
bone overgrowth and nerve degenerative 
changes were reported to be greatest in the 
cervical region of*the cord. In advanced 
cases there was evidence of a substantial 
increase in intracranial pressure. 
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Some attention has been given to the 
question of how these changes are produced 
with the hope of determining the part played 
by vitamin A in normal bone growth. In 
comparing long bones from vitamin A fed 
and vitamin A deficient dogs, the most 
obvious differences were the thickening of 
the bone layer and a reduction in size of the 
marrow cavity in the deficient animals. In 
the normal dog the red marrow is found in 
a well defined layer adjacent to the endos- 
teal surface of the bone but clearly differen- 
tiated from it. In the deficient animal, 
however, “the red marrow is diffuse and 
mixed up with the trabeculae in the inner 
third of the bony layer, while the other two- 
thirds are free from it.’”” These trabeculae 
were reported to be covered by a layer of 
active osteoblasts on the side nearer the 
marrow cavity while on the outer side 
osteoclasts predominated and were more ac- 
tive. Thus, “while the more active osteo- 
blasts on the endosteal side of the trabeculae 
lay down new bone, the osteoclasts on the 
outer side remove much of it; this probably 
accounts for the encroachment of cancellous 
bone on the marrow cavity in the vitamin A 
deficient animals....It is probable, there- 
fore, that the main effect of vitamin A on 
bone growth is to control the activity and 
number of osteoblasts and osteoclasts, 
primarily those associated with the bone 
marrow... . In its absence these cells become 
more active, but the change seems to be 
only in intensity and not in function.” 
Whereas vitamin D stimulates the process of 
deposition of the calcium salts essential for 
normal bone function, “vitamin A appears 
to influence the cellular elements involved 
in bone growth.” 

On chemical analysis it was found that the 
actual amount of calcium in corresponding 
bones of deficient and normal animals is 
roughly the same. In other words, the 
thicker cancellous bone of the deficient 
animal contained little or no more calcium 
than the thinner, more compact bone of the 
normal animal. The deficient bones have a 
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higher fat content than those of normal 
animals. 

In his latest publication, Mellanby (J. 
Physiol. 101, 408 (1943)) describes in more 
detail the bone overgrowth and degenerative 
changes in the olfactory, optic, and trigem- 
inal nerves and summarizes the discussion of 
this series of reports. Under the conditions 
of these experiments, the sensory nerves are 
damaged while the motor nerves generally 
escape destructive changes. The nerves 
most affected in diminishing order are: (a) 
cochlear and vestibular divisions of the 
VIIIth nerve, especially the former; (b) Vth 
nerve (trigeminal) especially the first and 
second branches; (c) IInd nerve (optic); 
(d) Ist nerve (olfactory). The [lIIrd, 
IVth, third branch of the Vth, VIth, VIIth, 
IXth, Xth, XIth, and XIIth tend to es- 
cape destructive changes. Probably the 
chief reason for the difference between 
sensory and motor nerve susceptibility to 
damage is the presence in the course of the 
sensory nerves of ganglia outside the central 
nervous system and the pressure to which 
they are subjected in vitamin A deficiency. 
Motor nerves, having their ganglionic origin 
within the central nervous system, escape 
this form of pressure, and only the nerve 
axons can be squeezed. 

In a careful study involving about 500 
rats Wolbach and Bessey (Arch. Path. 32, 
689 (1941)) found that nervous lesions and 
paralysis were never produced in vitamin A 
deficiency unless the animals were growing 
while on the deficient ration. The per- 
centage composition of the vitamin A-free 
diet they used was as follows: casein 18; 
Osborne and Mendel salt mixture 3, brewers’ 
yeast 10, peanut oil 8, corn starch 60.9, and 
viosterol 0.1. Animals on restricted food 
intakes did not develop paralysis if growth 
was sufficiently retarded. Age itself was 
shown to be unimportant since young ani- 
mals could be held at low weight for fourteen 
weeks on an adequate ration but they de- 
veloped paralysis when fed large amounts of 
the deficient ration. Control animals al- 
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lowed to grow during this period and then 
placed on the deficient ration never became 
paralyzed, although other signs of vitamin 
A deficiency developed. Thus it appeared 
that growth was required for the production 
of paralysis and nerve lesions. 

Careful dissections revealed that: ‘‘(1) 
there is overcrowding of the cranial cavity, 
resulting in distortion of the brain, disloca- 
tion toward the foramen magnum with 
herniations of the cerebellum therein, and 
multiple herniations of the cerebrum and 
cerebellum into the venous sinuses of the 
dura at the sites of arachnoidal drainage 
structures; (2) there is overcrowding of the 
spinal cord with distortion of the spinal cord 
and herniations of nerve roots into inter- 
vertebral foramens and into bodies of ver- 
tebrae.”’ 

These authors found that the spinal cord 
grew 5 to 7 mm. too long relative to the 
spinal canal, and histologic study showed re- 
tardation of growth at the epiphyses of the 
vertebrae and other bones although no 
histologic appearance by which this retarda- 
tion could be distinguished from that result- 
ing from other causes was found. With 
regard to the histologic evidence which 
Mellanby presented, Wolbach and Bessey 
(Physiol. Rev. 22, 233 (1942)) state, “We 
cannot find, in vitamin A deficient rats, 
premises corresponding to Mellanby’s in 
regard to osteoblastic and osteoclastic ac- 
tivities.” 

Mellanby thus believes that vitamin A is 
necessary for normal bone growth and that 
in its absence bone does not stop growing 
but losés a controlling influence on its 
growth. Wolbach and Bessey on the other 
hand believe that skeletal growth becomes 
retarded in a unique manner before soft 
tissues are materially affected. The net 
result in either case is an overcrowding of 
the central nervous system and thus the 
production of nervous lesions by mechanical 
injury. This explains the irregularity of the 
degeneration of various nerve roots, periph- 
eral nerves, and nerve fibers in the dif- 
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ferent tracts of the spinal cord and in the 
brain. Wolbach and Bessey (Arch. Path. 
32, 689 (1941); Physiol. Rev. 22, 233 (1942)) 
confirmed Mellanby’s findings regarding the 
formation of localized excess bone in relation 
to the bony labyrinth of the ear in rats, 
guinea pigs, and dogs. They emphasize 
the total skeletal response to the deficiency 
which they find is retardation of growth as 
a whole in relation to the growth of the 
central nervous system. Mellanby has ap- 
parently limited his observations to the 
effects of localized bony overgrowths. 

There appears to be at present no ready 
explanation for the fundamental difference 
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in the conclusions from these two labora- 
tories. The illustrations in the papers cited 
indicate satisfactory premises on both sides. 
One may ponder over the questions of species 
differences in response to vitamin A defi- 
ciency and possible differences in foci of at- 
tention in the two laboratories. 

The exact role of vitamin A in bone 
growth remains an interesting and obviously 
fundamental problem for further investiga- 
tion. In this connection the startling effects 
produced upon bones when greatly excessive 
amounts of vitamin A are given to rats 
should be kept in mind (Wolbach and Bessey, 
Physiol. Rev. 22, 233 (1942)). 


VITAMIN DISTRIBUTION IN WHEAT FLOUR 


While wheat germ has received credit for 
being the principal portion of the wheat 
berry in which thiamine is concentrated, 
other tissues in wheat have been found to be 
richer in thiamine by as much as 50 per cent. 
This conclusion has been reached by 
Andrews of General Mills Research Labora- 
tories (Food Industries 15, 78 (1943)). 

Long extraction flours (those containing 
larger proportions of the total wheat kernel) 
have been known to contain more thiamine 
than short extraction (patent) flours. In 
fact it is now fairly well established that the 
niacin content of wheat germ is actually less 
than that of the whole wheat berry. Only 
in the case of riboflavin “does wheat germ 
appear to maintain its original reputation.” 
It would appear that wheat germ is very 
rich in this vitamin, being at least six to 
eight times as rich as whole wheat. 

In order to show the relation of the con- 
centration of the vitamins in the different 
wheat tissues to the vitamin content of 
flours of various degrees of extraction, 
Andrews and co-workers made up a series of 
flours by starting with patent flour and add- 
ing various proportions of the other fractions 
to simulate flours of different extractions. 
For example, “first clear” flour was added to 


patent flour (60 per cent extraction) to yield 
a so-called 70 per cent extraction flour. By 
addition of ‘‘second clear’’ flour it was possi- 
ble to simulate a 75 per cent extraction flour. 
By further additions of “red dog flour,” 
shorts, and bran, it was possible to obtain a 
series of flours ranging in per cent extraction 
from 60 to 100. These were analyzed for 
thiamine, riboflavin, and niacin. 

When per cent of total vitamin in the 
wheat kernel was plotted against per cent 
extraction, some interesting relationships 
were revealed. For example patent flour, 
from which the greatest amount of branny 
tissues have been removed, contained more 
than twice as much of the total riboflavin 
as of total thiamine. Apparently there were 
no marked differences in the riboflavin con- 
tent of the branny portions of the grain, 
since their inclusion produced a linear in- 
crease in riboflavin content of the resulting 
flours. 

Niacin failed to increase appreciably as 
extraction increased, until a large proportion 
of bran was included. A comparison of the 
effect of increase of extraction on the nutri- 
tive value of 60 per cent and 75 per cent 
extraction flours is instructive. Patent flour 
contains approximately 8, 20, and 10 per cent, 
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respectively, of the total thiamine, ribo- 
flavin, and niacin present in whole wheat. 
When the flour contains 75 per cent of the 
whole wheat these values increase to 28, 31, 
and 16 per cent respectively. In other 
words an increase in extraction from 60 to 75 
per cent has more than trebled the per cent 
of total thiamine while riboflavin and niacin 
have increased by not more than 50 per cent. 

It would appear, therefore, that the nutri- 
tional benefits obtained by the increased 
extraction were largely due to increased 
thiamine content. If extraction is increased 
to 85 per cent, the increase in per cent of 
total thiamine is about ninefold, while the 
increases in riboflavin and niacin are only 
about one-third as much. From data ob- 
tained in correspondence with Wisconsin 
workers, Andrews concludes that panto- 
thenic acid and biotin differ from the 
vitamins already discussed, inasmuch as 
they exist in patent flour in quantities ap- 
proximately one-half that found in whole 
wheat. Concentrations of these vitamins 
are highest in bran, and not until appreciable 
amounts of bran are added to flour is there 
an appreciable increase brought about by 
increased extraction. 

Recent studies confirm the early observa- 
tions of Bell and Mendel (Am. J. Physiol. 62, 
145 (1922)) that the germ of wheat contrib- 
utes about one sixth of the total thiamine 
content of wheat. The work of Andrews 
and associates is in general agreement with 
the findings of Canadian workers that non- 
germ tissues, surrounding the germ, contrib- 
ute about two thirds of the total thiamine 
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content of wheat. They add that actual 
milling operations have yielded products 
which are richer by 50 per cent than the 
thiamine content of pure wheat germ. 

Andrews also states that the vitamin con- 
tent of different parts of the wheat berry is 
variable and that there is a wide variation in 
total vitamin content. Pure wheats vary 
in thiamine content from 1.4 to 3.5 mg. per 
pound and spring (hard) wheats tend to be 
higher in thiamine than soft wheats. Dif- 
ferences from one crop year to another also 
make it difficult to evaluate the various 
factors. 

From a practical standpoint most of these 
variations are minimized by the practice of 
blending wheats in the manufacture of uni- 
form flours. Whole wheat flours over the 
country average about 2.25 mg. of thiamine 
per pound of flour, with normal variations of 
about 15 per cent. On the other hand, the 
effect of the above mentioned factors on the 
riboflavin content of wheat is surprisingly 
small and most samples rarely vary more 
than + 10 per cent from the average value 
of 0.55 mg. per pound. Niacin is said to 
occupy an intermediate position so far as 
natural variations are concerned. The prob- 
able average niacin content of wheat is about 
27 mg. per pound. 

It would appear that nongerm tissues, 
surrounding the germ, contribute consid- 
erably to the vitamin potency of wheat and 
high extraction flours, and current emphasis 
on the vitamin content of wheat germ should 
not overshadow this fact. 


PREVALENCE OF RICKETS IN CHILDREN 


Ever since the meeting of the American 
Pediatric Society at Skytop, Pennsylvania, 
in the spring of 1942, numerous investigators 
have been awaiting publication of the presi- 
dential address made on that occasion by 
Dr. E. A. Park. From those who were 
present at the meeting there came word of 


revolutionary changes in the prevailing 
views about the incidence of rickets in chil- 
dren. ‘Nutritionists who have been accus- 
tomed to think that rickets is rare after the 
age of approximately 2 years were eager to 
examine the complete report of studies which 
now were skid to show that rickets not only 
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may occur in children as old as 14 years, 
but that it may be fairly common. The 
detailed report which has been published 
recently by Follis, Jackson, Eliot, and Park 
(Am. J. Dis. Child. 66, 1 (19438)) is even 
more impressive than the scientific gossip 
about this interesting contribution. 

The Baltimore investigators determined 
the presence of rickets by histologic exam- 
ination of the middle ribs in children who 
came to necropsy. Consecutive examina- 
tions were made on 230 children between the 
ages of 2and 14 years. When the study was 
begun, as long ago as 1927, the method of 
decalcification used was the formic acid 
procedure described by Schmorl. Later the 
nitric acid method of Crowe, Guild, and 
Polvogt was used, and a few preparations 
were made by the method of decalcification 
described by McLean and Bloom. The 
technic of preparation of the bones for 
histologic study of rickets is exceedingly 
important, and references to the methods 
used are provided in the complete report. 
The criteria of rickets were the usual patho- 
logic appearances of the anterior costo- 
chondral junctions of the ribs. The condi- 
tion was classified as “‘slight,” “moderate,” 
and ‘‘advanced”’; the diagnosis of “healed 
rickets” was not made. Of the 230 children 
examined, 107 were found to have some 
degree of rickets. In 53 cases the condition 
was considered to be slight, in 43 cases mod- 
erate, and in 11 cases advanced. The inci- 
dence was greatest in the third year of life, 
about 57 per cent, slightly less in the fourth 
year and, from the fifth year and on, about 
40 per cent. There was no significant dif- 
ference of incidence among Negro children 
and white, but moderate and well developed 
rickets was definitely more common in the 
Negro children. There was a seasonal varia- 
tion in the disease, the highest incidence oc- 
curring during the winter months and the 
lowest in the fall. 

It is worthy of special comment that of 
the 107 children on whom the histologic 
diagnosis of rickets was made, roentgenologic 
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examination revealed the condition in only 
6, and none of these was between the ages of 
5 and 14 years. These observations are not 
surprising because profound changes are nec- 
essary in the bones before the characteristics 
of rickets show up in the roentgenogram, and 
growth in length of bones is slower in older 
children than in the younger child. The 
roentgenograms themselves were made post 
mortem; in none of the children was the 
diagnosis of rickets made during life. 

The authors have discussed the question: 
To what extent was the illness from which 
the child died responsible for the rickets? 
These children died of various diseases, 13 
of leukemia, 46 of tuberculosis, 30 of rheu- 
matic fever, and 14 of lead poisoning. All 
5 children who had suffered from chronic 
lead poisoning had rickets, which may have 
special significance. Since most of the 
children died of acute diseases and because 
the authors believe that the degree of rickets 
observed is greater than that which might 
develop in two weeks, it is believed that the 
children examined had rickets before the 
onset of their fatal illness. Whether a 
similar condition prevails in the population 
at large is debatable. Nevertheless, the 
results show clearly the importance of guard- 
ing against rickets in children who are sick, 
and above all they show the desirability of 
continuing the administration of vitamin D 
throughout the period of skeletal growth. 

It may be recalled that just ten years ago 
Blackfan and Wolbach reported the occur- 
rence of vitamin A deficiency in a number of 
infants on whom post mortem examinations 
were made. In their studies, the diagnosis 
was based on the finding of keratinized 
epithelial cells in one or more of the epithelial 
lined structures of the body. Thus the two 


vitamin deficiency diseases which result in 
well known characteristic pathologic changes 
in the tissues have been observed in a sig- 
nificant number of children who have died of 
various diseases and on whom the diagnosis 
of nutritional deficiency had not been made. 

The need for more refined diagnostic 
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methods for the detection of the dietary 
deficiency diseases is apparent, and work 
along these lines is being intensively pursued. 
Much of present day thinking is con- 
cerned with the members of the vitamin 
B-complex. Hence, it is important to 
remember that deficiencies of the fat-soluble 
vitamins also may occur in growing children, 
and to a surprisingly high degree in certain 
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selected groups. Evidence such as that 
produced by the Baltimore investigators 
shows definitely that there exists a nutri- 
tional problem in the United States, and that 
present physical methods of diagnosis avail- 
able to the physician are not always ade- 
quate to determine the existence of a dietary 
deficiency. 


THE EFFECT OF DIET ON TOXIC AGENTS 


The concept of the adequate diet stresses 
dietary needs of the body under normal 
conditions. Clinically ‘t is recognized that 
an adequate diet under normal conditions 
may be inadequate in several respects when 
disease is present. What has not been rec- 
ognized generally is the fact that many 
individuals are exposed to environmental 
conditions, especially of work, which can 
hardly be considered normal. This applies 
particularly to industrial workers who are 
exposed to toxic agents. Experimentally it 
has been shown that certain of these agents 
lose their toxic effects, wholly or in part, 
when the diet is modified. While the goal 
of the industrial hygienist must be to provide 
an environment which is as free from toxic 
agents as possible, the possibility of utilizing 
a second line of defense, that is, a diet modi- 
fied so as to protect the individual against 
the specific toxic agents, has ‘not been ade- 
quately studied. 

The effective protection against toxic 
agents by dietary constituents has been dem- 
onstrated for a wide variety of compounds. 
Most investigations have been designed to 
show that more protection is afforded by an 
adequate than by a deficient diet. What 
has not been studied in many instances is 
the effect of additional quantities of specific 
dietary constituents or variations in relative 
amounts of foodstuffs on the toxicity of cer- 
tain noxious substances. The effects of 
vitamins of the B-complex, ascorbic acid, 
and variations in dietary protein, carbo- 


hydrate, and fat on the toxicity of certain 
agents to the liver have been previously 
reviewed in this journal (Nutrition Reviews 
1, 88, 168, 247, 274 1943)). Symptoms ref- 
erable to trinitrotolwene poisoning in man 
have been reported in 25 per cent of the 
munition workers in England, and certain 
of the clinical and industrial aspects of such 
poisoning among English and American 
munition workers described (Proc. Roy. Soc. 
Med. 36, 553 (1942); New Orleans Med. & 
Surg. J. 96, 511 (1943)). Of the lesions due 
to trinitrotoluene in man, dermatitis, cyano- 
sis, and gastritis are common but not fatal; 
toxic jaundice and severe anemia are infre- 
quent, but often fatal. The experimental 
production of severe liver damage and 
anemia by trinitrotoluene has not been 
previously reported. In the paper by 
Himsworth and Glynn, it is reported that 
the feeding of trinitrotoluene along with a 
high fat diet leads to effects in rats which 
clinically and pathologically closely resemble 
those reported in human cases of trinitro- 
toluene intoxication. The development of 
the toxic symptoms in the rat is greatly 
dependent upon the nature of the diet. 
Thus, severe symptoms and pathologic le- 
sions develop in rats taking a high fat diet 
as compared to the mild toxic symptoms 
in rats on a high carbohydrate diet, and the 
complete absence of symptoms in those 
consuming a high protein diet. Among the 
effects of chronic trinitrotoluene poisoning in 
rats on a high fat diet are (1) loss of weight; 
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(2) increased appetite; (3) excretion of high 
concentration of trinitrotoluene derivatives 
in the urine; (4) characteristic changes in the 
blood including a great decrease in hemo- 
globin, the appearance of normoblasts, 
reticulocytes, and polychromatic erythro- 
cytes in the peripheral blood, an erythro- 
blastic hyperplasia of the bone marrow and 
siderosis of the spleen; (5) hepatic lesions 
which range from fatty infiltration to an 
acute necrosis of the parenchymal cells; and 
(6) loss of hair. The effects of the fat diet 
in facilitating the toxic action of trinitro- 
toluene do not seem referable to an increased 
absorption, but rather to some influence on 
tissue metabolism. The influence of the 
fat diet itself on the production of this 
pathologic picture Was ruled out by control 
groups receiving no trinitrotoluene. 

While it is not possible to relate these 
results on rats directly to man it is of in- 
terest that studies of trinitrotoluene poi- 
soning in munition workers during the last 
war led to the suggestion that the absence of 
cases of severe poisoning in certain instances 
appeared to be due to the good quality of the 
diet provided. From the reports available 
it would appear that there is a higher in- 
cidence of trinitrotoluene toxicity in the 
English munitions factories than in this 
country. A major reason for this difference 
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may be that the industrial hygienic condi- 
tions in the United States are more highly 
developed. However, the possibility also 
exists that in addition the diet of the English 
workers has been less adequate. 

Treatment of trinitrotoluene poisoning has 
included a high-carbohydrate, low-fat diet 
with additional vitamin B-complex and vita- 
min C and additional protein, but the same 
dietary regime has not been applied as a pre- 
ventive measure. The English clinical in- 
vestigators have recognized the possible role 
of high protein intake in liver protection, and 
the possibility of giving skim milk to the 
workers has actually been suggested. On 
the other hand, a recent review by Eddy 
in this country (New Orleans Med. & Surg. J. 
95, 511 (1943)) states that there is no scien- 
tific reason for giving milk or multiple vita- 
min products to workers in trinitrotoluene fac- 
tories for purposes other than ‘‘improvement 
in nutrition.” This statement, at least as 
regards milk, can hardly be accepted as 
tenable in view of the work of Himsworth 
and Glynn. A comparison of the dietary 
histories of trinitrotoluene workers showing 
symptoms of toxicity and of those who do 
not, might yield valuable information on this 
point and might also serve as a suitable start- 
ing point for the investigation of the effect 
of diet on trinitrotoluene toxicity in man. 


TEMPERATURE EFFECT UPON VITAMIN REQUIREMENTS 


Mills has now published three interesting 
papers concerning the effect of temperature 
upon vitamin requirements. In the. first 
paper (Am. J. Physiol. 183, 525 (1941)) he 
concluded that the “optimal thiamine re- 
quirement for rats is twice as high at 91° F. 
as at 65° F.’’; in the second (Arch. Biochem. 
1, 73 (1942)) he stated: “Rat requirements 
for optimal growth are twice as high at 91° 
F. as at 68° F. for thiamine and pyridoxine 
and over five times as high for choline.” 
The latter paper has been reviewed (Nutri- 


tion Reviews 1, 283 (1943)) but without 
extensive comment pending a final report on 
the B-vitamin requirements. Another pa- 
per on this phase has now appeared (Arch. 
Biochem. 2, 159 (1943)) which states: 
“Riboflavin and pyridoxine requirements for 
optimal growth of young rats seem to be the 
same in both heat and cold.... Of all the 
B-fractions, only thiamine and choline 
exhibit heightened requirements in tropical 
heat.” Except for the discrepancy con- 


cerning pyridoxine these conclusions are 
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most interesting, but the data should be 
examined rather carefully. 

Throughout this series of experiments the 
vitamins were incorporated in the basal diet, 
and as a result the absolute vitamin intake 
is dependent upon the food intake. The 
requirement for each individual vitamin was 
determined by incorporating it in the basal 
diet in a series of graded concentrations and 
observing the concentration which permitted 
maximum growth in the cold room (68° F.) 
and in the hot room (90° F. and 70 per cent 
relative humidity). In general, the animals 
maintained in the hot room consumed only 
about two-thirds as much food as those in 
the cold room and received then only about 
two-thirds the quantity of vitamins at the 
same level of vitamins in the diet. In the 
thiamine studies (according to the calcula- 
tions of the reviewer), during the last four 
weeks of the experiment the group of cold 
room animals making the maximum growth 
(114 g.) consumed an average of 15.4 
micrograms of thiamine per day, while the 
group of hot room animals making the 
maximum growth (90 g.) consumed 14.1 
micrograms of thiamine per day. The 
actual thiamine concentrations in these two 
diets were 0.8 and 1.2 mg., respectively, per 
kilogram of diet. Furthermore, at growth 
limiting levels, where the animal is probably 
more sensitive to slight differences in intake 
than at optimum growth levels, 4.5 micro- 
grams per day in the cold room permitted 32 
g. growth compared to 42 g. growth when 
3.7 micrograms are consumed per day in the 
hot room. The absolute thiamine concen- 
trations in these two diets were 0.4 and 0.6 
mg. per kilogram of diet, respectively. 
Although the requirement for thiamine per 
kilogram of.diet may be higher in order to 
permit equal growth in the hot room with 
that in the cold room, it seems at least 
equally logical to compare the actual daily 
vitamin intakes in the two rooms. By this 
method there seems to be an equal require- 
ment for thiamine in both heat and cold. 
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In the choline studies maximum growth 
in the cold room (118 g. during the last three 
weeks of experiment) was obtained on a diet 
containing 0.75 g. choline per kilogram with 
an average daily intake of 13.2 mg. of cho- 
line. In the hot room, maximum growth 
(86 g. during the last three weeks of experi- 
ment) was obtained on a diet containing 5 
g. choline per kilogram with an average daily 
intake of 61.2 mg. of choline. On the 
choline free diet, 5 out of 8 rats died in the 
cold room and 4 out of 8 in the heat; growth 
of the surviving animals was very good after 
the danger period for acute hemorrhagic 
nephritis had been passed (90 g. growth in 
the cold and 77 g. in the heat during the 
last three weeks of the experiment). The 
fact that the survivors (on the choline free 
diet) in the hot room grew almost as rapidly 
as the best group receiving the choline 
supplemented diet, and definitely more 
rapidly than most of these groups, is some- 
what confusing (0.37 g. choline per kilogram 
is equivalent to 51 g. growth, 0.75 to 57 g., 
1.5 to 60 g., 3.0 to 71 g., and 5.0 to 86 g.; 
with no choline equivalent to 77 g. growth). 
On the basis of the growth response to graded 
doses of choline, the evidence certainly 
indicates an increased requirement in the 
heat. However, the relatively satisfactory 
growth in the absence of choline should 
argue for other possible interpretations of 
these findings. This is particularly true in 
view of the report by Jacobi, Baumann, and 
Meek (J. Biol. Chem. 138, 571 (1941)) that 
rats on a choline-free diet synthesize choline 
in significant amounts. Furthermore, Ja- 
cobi and Baumann (J. Biol. Chem. 142, 
65 (1942)) found that rats grew to maturity 
and reproduced on a purified diet free of 
choline. 

In pantothenic acid studies Mills con- 
cludes that “optimal rat growth was ob- 
tained in both heat and cold at 6 mg. per 
kilo (of diet) and definite toxicity at 10 mg. 
per kilo.” The following table, calculated 
in part by the reviewer, gives some interest- 
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ing comparisons of pantothenic acid intake 
and growth during the last three weeks of 
the experiment: 








COLD ROOM HOT ROOM 
CONCENTRA- 
TION OF 
PANTOTHENIC | Pantothenic Pantothenic 
ACID IN DIET acid Total gain acid Total gain 
consumed consumed 
mg./ke. y/day £. y/day te 
1 8.6 25 7.8 36 
2 21.2 40 17.8 43 
4 47.6 56 37.3 61 
6 102.4 98 64.6 77 
8 99.5 72 y+ he 4 63 
10 98.7 6 87.1 61 
20 239 31 173.5 59 

















At marginal levels of intake there is some 
indication that heat may decrease the re- 
quirement for pantothenic acid and at maxi- 
mum growth levels a significantly smaller 
amount of pantothenic acid was consumed 
in the hot room. The decreased growth 
when higher concentrations of pantothenic 
acid are included in the diet, which the 
author explains as “definite toxicity,” is in 
marked contrast with Unna and Greslin’s 
report (Proc. Soc. Exp. Biol. Med. 45, 311 
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(1940)) in which as much as 200 mg. of 
calcium pantothenate per rat per day did not 
decrease the growth rate. 

In the second paper of this series, without 
presenting any data concerning the then 
incomplete rat studies of pyridoxine re- 
quirements, Mills concludes that the rat 
requires about twice as much pyridoxine 
in the’ hot room as in the cold. From the 
data in his last paper, he concludes that the 
requirements are the same in both heat and 
cold. These data when calculated for 
average daily intake are also somewhat 
inconclusive with some indication at mar- 
ginal levels of intake of a lower requirement 
in the hot room. 

These experiments, although outlining 
many interesting problems, do not provide 
convincing conclusions. It is unfortunate 
that the vitamin supplements were not fed 
separately rather than as a part of the basal 
diet in order that the vitamin intake would 
be independent of the total food intake. 
Much additional work is necessary before 
the effect of temperature upon vitamin 
requirements may be definitely established. 


REHABILITATION OF WORKERS FOR INDUSTRY 


Having in mind the importance of maxi- 
mum efficiency on the part of everyone, Spies 
has recently given an account of the benefits 
produced by restoration of good nutritional 
status in persons who have been cast aside 
from the active stream of life as the result 
of nutritional deficiency (J. Am. Med. Assn. 
122, 911 (1943)). 

The report gives an interesting account of 
this well known worker’s growth of interest 
in nutritional deficiencies and describes the 
development of the Nutrition Clinic in 
Birmingham, Alabama. He calls attention 
not only to the improved health of patients 
who have been treated, but to their improved 
attitude toward life in general. It is of 
interest to read how the patients would flock 
to the Clinic when a member of the com- 


munity with pellagra psychosis was effec- 
tively treated, on the expectation that all 
persons with mental symptoms would be 
benefited by the same form of treatment. 
Likewise, the successful treatment of certain 
cases of ulceration of the cornea was followed 
by a series of patients seeking relief for other 
ocular complaints. 

A fruitful field proved to be the study of 
the patient’s family, for frequently in areas 
where nutritional deficiency was endemic the 
whole family suffered from nutritive failure 
of more or less degree. As might be ex- 
pected, visits to the homes of the patients 
were most useful, not only in determining 
what they ate, but in discovering what food 
resources existed, such as a garden, chickens, 
and cows. 
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Many of these patients had been classed 
by unsuspecting physicians under such heads 
as hysteria, neurasthenia, anxiety states, 
functional disorders, or even nephritis or 
scarlet fever when edema or a red tongue 
were prominent symptoms. Consistently, 
weakness, failure of mental application, 
nervousness, and irritability were found in 
these patients and these symptoms could in 
most instances be relieved by dietary means. 
Spies stresses the importance of a well 
rounded diet and yeast in treatment al- 
though, where severe deficiency existed, 
crystalline vitamin supplements were used 
to great advantage. 

One hundred persons, debilitated solely by 
nutritional deficiency to the point where 
they could not work, were selected and 
treated. Not only was the immediate 
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response to treatment gratifying, but per- 
sistent therapy enabled them to obtain work 
and earn sufficient funds to provide an ade- 
quate diet. When restored to health, many 
of these patients were grateful and anxious 
to cooperate, with the result that benefit 
persisted not only for the individuals 
treated, but for their families as well. 

Such observations are common knowledge 
to most persons interested in the field of 
nutrition. It is unfortunate that improper 
publicity has put nutritional therapy, to 
some extent, in a bad light. When the 
medical profession as well as the lay public 
has learned to recognize what adequate 
nutrition cannot do, as well as what may be 
expected from it, the correct “mean” will 
have been reached. 


URINARY PIGMENTS IN NIACIN DEFICIENCY 


Mild deficiency diseases are generally so 
difficult to diagnose that physicians have 
come to yearn for relatively simple labora- 
tory tests which might make diagnoses more 
accurate. There was considerable rejoicing, 
therefore, when Beckh, Ellinger, and Spies 
reported both an increased excretion of 
porphyrins in pellagra and a correction of the 
abnormality by niacin therapy (Quart. J. 
Med. 6, 306 (1937)). The method devised 
for the detection of the porphyrinuria was 
simple enough to be done in any routine 
laboratory. Watson (Proc. Soc. Exp. Biol. 
Med. 41, 591 (1989)), however, soon dem- 
onstrated that the reaction given by the 
test was due to urorosein and not to porphy- 
rins at all. Furthermore, the urorosein 
reaction was shown to occur in certain urines 
only after the addition of an oxidizing agent 
(Meiklejohn and Kark, New Engl. J. Med. 
221, 519 (1939)). In spite of the error in 
original interpretation, it still remained 
possible that the test might have diagnostic 
value and reports attesting this belief have 
continued to be published. However, Wat- 


son and Layne (Ann. Int. Med. 19, 183 
(1943)) have recently made a careful 
analysis of the reaction and have presented 
evidence to show that it lacks the specificity 
necessary to make the test a dependable 
diagnostic procedure. 

The reaction was studied on samples of 
urine from 10 patients with niacin deficiency 
and 16 normal subjects. A positive uro- 
rosein test was obtained at one time or 
another on all patients with pellagra, but 
it was often noted to disappear prior to 
the administration of niacin and to reappear 
long after adequate amounts of niacin had 
caused regression of all signs of deficiency. 
The reaction was negative when done on 
urines of the normal subjects. The red 
color of urorosein was characterized by a 
relatively weak, broad, diffuse absorption 
band which had a maximum intensity at 
543 to 544 millimicrons. Additional evi- 
dence was obtained to show that the color 
was not due to porphyrins because the 
concentration of urinary porphyrins was 
found to be too low to give a color under the 
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conditions of the test, and because por- 
phyrins could be extracted from urine by 
5 per cent hydrochloric acid without ap- 
parently interfering with the intensity of the 
urorosein color obtained by subsequent 
extraction with 25 per cent hydrochloric 
acid. 

The authors also reviewed evidence to 
show that the reaction is dependent upon 
two factors: (1) the presence in urine of a 
chromogen, which seems to be indolacetic 
acid, and (2) the presence of an oxidizing 
agent in urine. The chromogen was shown 
to be a normal constituent of the urine of 
many individuals who had no evidence of 
niacin deficiency. The addition of an 
oxidizing reagent, potassium nitrite, caused 
the urorosein color to develop in many 
normal urines and in all but three of two 
hundred twenty-four urine specimens ob- 
tained from the patients with niacin defi- 
ciency. The chief variable, therefore, upon 
which the spontaneous urorosein reaction 
is dependent is the oxidizing agent in urine, 
as yet unidentified. 


As an interesting subsidiary study, Wat- 
son and Layne also performed tests for 
urorosein on the urines of 7 patients who 
were being treated with deep x-ray therapy 


for carcinoma of the cervix. This was done 
because positive reactions have been re- 
ported in people with the nausea or vomiting 
of irradiation sickness, and because niacin 
has been said to prevent the development 
of the urorosein color under these circum- 
stances. These observations have been 
cited as justification for administering niacin 
to patients who are to be given irradiation 
therapy in an attempt to ‘prevent the 
nausea. Watson, however, was not able 
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to establish any correlation between a posi- 
tive urorosein test and the occurrence of 
nausea in his patients, and whenever there 
was a positive reaction it became negative 
within one or two days without the ad- 
ministration of niacin. 

In a complimentary investigation, Layne 
and Watsor (Ann. Int. Med. 19, 200 (1943)) 
showed that the urorosein reaction was 
negative in dogs with experimentally in- 
duced blacktongue. A similar observation 
has been made by Spies, Vilter, and Ashe 
(J. Am. Med. Assn. 113, 931 (1939)). That 
the reaction in dogs may be fundamentally 
different from that in man, however, was 
suggested by the fact that addition of 
potassium nitrite to canine urine caused a 
reddish purple color in the test. This pig- 
ment gave an absorption band that was 
different from the one produced by urorosein 
and is probably not identical with this 
latter substance. 

Watson and Layne, therefore, have not 
only added to our understanding of the uro- 
rosein reaction but have discredited it as a 
test of niacin deficiency. They did find 
positive spontaneous reactions only in asso- 
ciation with disease and much more fre- 
quently in subjects having deficiency states. 
Since, however, the reaction frequently 
became negative in patients with clinical 
pellagra before treatment with niacin and 
was occasionally positive in these same 
subjects after specific therapy had corrected 
all manifestations of the disease, obviously it 
cannot be used as an index of niacin defi- 
ciency. This conclusion is accepted almost 
with regret. Had the test proved valid, it 
would have been a most valuable diagnostic 
aid to clinicians. 





